Introduction
Owing to the recent emphasis on genome-wide association studies to identify susceptibilities to common metabolic diseases, the evaluation of linkage disequilibrium (LD) in humans has become a key prerequisite for the design of such studies (Risch and Merikangas 1996; Lander 1996; Collins 1995; Jorde 2000) . Biallelic single-nucleotide polymorphisms (SNPs) are the markers of choice because of their high frequency, low mutation rates, and amenability to automation (Landegren et al. 1998; Wang et al. 1998) . Two LD measures, DЈ and r 2 , are commonly used. However, both LD measures potentially have shortcomings for the evaluation of LD: DЈ is known to be inflated when the sample size is small, even for SNPs with common alleles, and r 2 is very sensitive to allele frequencies (Ardlie et al. 2002) . Therefore, an alternative LD measure is desirable.
In the present study, we applied Akaike's information criterion (AIC) as an alternative estimate for LD. AIC was developed by Akaike (Akaike 1974) and is useful for determining a better-fitting model in comparison with nonhierarchical models. For several alternative nonhierachical models, the better-fitting model was considered to be that with a lower AIC value. By applying AIC as an LD measure, linkage equilibrium was clearly separated from linkage disequilibrium, and LD by AIC showed a pattern similar to that of r 2 , indicating that AIC could serve as an alternative method for evaluating LD.
Subjects and methods

Study subjects
Because the current study was initially designed to identify susceptibilities to ossification of the posterior ligament of the spine (OPLL), we examined 96 unrelated OPLL patients and 96 unrelated non-OPLL patients recruited in Kagoshima, Japan. All of the patients gave written informed consent, and the study was approved by the Ethical Committee of the Faculty of Medicine, Kagoshima University, and the Ethical Committee of the Institute of Medical Science, Tokyo University. The structures of LD were the same among patients and controls; thus, we present the combined data.
Selection of SNP markers and real-time pyrophosphate DNA sequencing A genome region covering 1.6 Mb on chromosome 21q22 was screened for SNPs. Thirty-nine SNPs with minor allele frequencies Ͼ0.05 were identified from the public database, as summarized in Table 1 . Gap regions (Ͼ50 kb) were sequenced, and two SNPs were identified between C21orf62 and PRKCBP, and PRKCB2 and INFAR2.
A polymerase chain reaction (PCR) analysis was performed with a standard protocol, with the exception that biotin-labeled primers were used. The single-stranded PCR samples, which were annealed with their respective sequencing primers, were transferred to a translucent 96-well plate for real-time pyrophosphate DNA sequencing (Ronalgi et al. 1996 (Ronalgi et al. , 1998 . The DNA sequence was read using a PSQ 96 instrument (Pyrosequencing AB, Uppsala, Sweden) and PSQ 96 SNP reagent kit (Pyrosequencing AB).
LD measure by DЈ and r 2 The pairwise haplotype frequencies were estimated by the expectation-maximization (EM) method, by use of the Arlequin (Schneider et al. 2000) or SNPAlyze program (Dynacom, Mobara, Japan). The two methods gave nearidentical results. Lewontin's coefficient DЈ and r 2 (Hill and Robertson 1968) were estimated as described (Nakajima et al. 2002) .
LD measure by AIC
In the comparison of nonhierarchial models, Akaike's information criterion (AIC) (Akaike 1974) was used, Ϫ2 log (maximum likelihood) ϩ 2k, where k is the number of free parameters estimated in the model. When the independent model (IM; linkage equilibrium) and dependent model (OM; linkage disequilibrium) are compared, the parsimonious model is the one with the smaller AIC score.
AIC(LD) as defined in this manuscript can be written as follows:
AIC with linkage disequilibrium, AIC(LD)
There are four categories, and the probability that a single trial chooses each category is p 11 , p 12 , p 21 , p 22 , where p 22 ϭ 1 Ϫ p 11 Ϫ p 12 Ϫ p 21 . Trials are repeated n times and the observed frequencies in the four categories are a, b, c, d,
L dependent is the likelihood function for three parameters (p 11 , p 12 , p 21 ) given the observed data. This is the likelihood of the observed data when linkage disequilibrium is present. 
These are the maximum likelihood estimates of the three parameters.
The maximum likelihood will be obtained as a function of a, b, c, and d by substituting these values into equation (1).
Under the independent condition, the number of independent parameters becomes two instead of three. 
Therefore, the likelihood function under the independent condition should be 
6)
By partially differentiating log L independent with regard to p 11 , p 12 , and solving the two equations obtained after setting the formulas equal to 0, we get These are the maximum likelihood estimates under the independent condition, and they are expressed as p 11 and p 12 .
The maximum likelihood will be obtained by substituting equation (7) 
This can be written as 
and
The relationship between AIC(LD) and LRC can be written as follows: 
AIC LD LRC
Relation between Pearson's 2 statistic and Ϫ2 log LRC From equation (10) This is simply Pearson's 2 statistic for goodness of fit, because e i is the frequency in a cell expected from the marginal frequencies and x i is the difference between the expected frequency and the observed frequency (i.e., a Ϫ e 1 , etc).
Therefore, equation (17) can be written as
which is well known as Pearson's 2 statistic for testing the goodness of fit on a 2 ϫ 2 
when n is large.
Results and discussion
Thirty-nine SNPs on chromosome 21q22 were genotyped among 192 Japanese subjects and all the possible pairwise LDs were estimated and compared between AIC and the standard LD measures. LD measured by AIC was expressed as AIC(IM) Ϫ AIC(DM), denoted as AIC(LD), as computed in "subjects and methods". A positive value of AIC(LD) reflects linkage disequilibrium, and a negative value represents linkage equilibrium. DЈ and average AIC(LD) values were expressed in a bar graph and compared ( Fig. 1) , which showed that the average AIC(LD) value increased gradually as the value of DЈ increased. Because AIC(LD) was negative for pairs showing DЈ values Ͻ0.2, the threshold of LD by DЈ could be set at 0.2. The relationship between AIC(LD) and r 2 was evaluated ( Fig.  2A) , demonstrating that AIC(LD) and r 2 were tightly correlated [correlation coefficient (R 2 ) ϭ 0.9654]. Because the data points close to the origin may inflate the correlation coefficient, the data points apart from the origin (r 2 Ͼ 0.2) were extracted. Then, the relationship with AIC(LD) was calculated revealing a sustained high relationship (R 2 ϭ 0.8501) (data not shown). As indicated by the likelihood evaluation in "subjects and methods", the relationship between AIC(LD) and nr 2 Ϫ 2 was examined and resulted in a high correlation coefficient (R 2 ϭ 0.9803) (Fig. 2B) . The relationship between AIC(LD) and r 2 was evaluated by comparing DЈ and SNP distance, respectively. Corelationships between LD values, measured by AIC and r 2 , and DЈ values (Fig. 3A, C) and SNP distances (Fig. 3B, D) were investigated. AIC(LD) was well correlated with DЈ values (R 2 ϭ 0.3777), while AIC(LD) was very sensitive to the SNP distances. Because the similar patterns were observed for the r 2 measure (Fig. 3C, D) , and it is reported that r 2 is an appropriate LD measure for fine mapping (Nakajima et al. 2002) , AIC(LD) could be considered as an alternative LD measure in gene-mapping of complex diseases. Because the LD estimate by AIC is not constrained to the interval 0 to 1, a direct comparison of AIC (LD) values between data from different sample sizes is difficult. Presumably, this shortcoming of AIC(LD) will be overcome by the accumulation of sufficient empirical data in the near future.
